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(57) Abstract 

The invention relates to an actuator, 
such as a liquid ring machine, and a method 
in an actuator, such as transferring of fluid. 
The machine (10) comprises a casing part 
(11) within which a rotatable blade rotor 
means (2) is arranged. The casing part 
(11) forms a hollow rotatable rotor means 
(11), the inner space thereof receiving 
the blade rotor means (2). Stator means 
(14) are provided around the casing part 
(11), whereby the casing part is rotated by 
means of an electromagnetic field between 
the stator means (14) and the casing part 
arranged to form a rotor of an electric 
machine. 
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Drive apparatus, such as a liquid ring machine and a method for driving a drive 
apparatus, such as transferring fluid 

The invention relates to an actuator according to the preamble of claim 1 and 
to a liquid ring machine for fluid according to the preamble of claim 2, and 
especially to a liquid ring machine which comprises a rotor means, such as a 
blade wheel, which is eccentrically rotatable relative to the casing and provides 
a positive transfer of fluid. The invention relates also to a method for an actua- 
tor in accordance with the preamble of claim 8 and especially to a method for 
positive transfer of fluid in accordance with the preamble of claim 9. 

The skilled person is aware of various actuators, such as eg. liquid ring pumps, 
which are commonly used in applications relating to the transfer of fluid or 
pumping, such as in the processes and apparatus of the chemical industry, 
papermaking industry or food industry or in the pumping operations of power 
plants, waste water plants or similar. The known liquid ring pumps usually 
comprise a stationary casing and a blade wheel or rotor which is eccentrically 
rotatable thereto. The blade wheel is rotated by an external motor, usually by 
an electric machine. Annexed figures 1a and 1b are referred to in view of the 
prior art. 

This about 60 years ago presented liquid ring pump has achieved a great popu- 
larity, especially because of the relatively simple construction thereof and the 
high reliability in use. The disadvantage of the solution has however been the 
poor efficiency (about 40 %) thereof and the poor adjustability. The poor effici- 
ency is mainly a result of the fact that when the blade wheel rotates the liquid 
ring, about a half of the power of the drive motor is consumed to overcome 
the friction between the ring and the inner surface (inner periphery) of the 
casing. In addition, this causes erosion in the casing and an uneven flow and 
splattering. The friction work causes also a heating of the pump and also a 
heating of the liquid to be pumped. 

It is an object of the present invention to overcome the disadvantages of the 
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prior art and to provide a new solution for an actuator, such as a liquid ring 
pump, and a method for using an actuator, such as for a positive fluid transfer. 
The solution according to the invention provides for instance a liquid pump 
which has an efficiency which is essentially improved relative to the known 
solutions. 

An object of the invention is also to provide a liquid ring pump and a method 
for transferring fluid, by means of which a better adjustability than in known 
solution is achieved. 

An object of the invention is to provide a solution, by means of which the size 
of the drive motor of a rotatable actuator, such as a blade wheel means, feed 
screw etc., can be reduced. 

An object of the invention is to provide a solution, by means of which the 
heating of the machine and the heating of the fluid to be transferred can be 
reduced. 

An object of the invention is a solution which provides an integrated electric 
machine-gearing actuator. 

The invention is based on the idea that the casing part of a liquid ring machine, 
planetary gear, feed screw structure etc. is arranged to be rotatable. The ca- 
sing part may preferably be arranged so as to form a hollow rotor means of an 
electric machine which is rotated in a desired manner relative to the actual, 
inside the casing provided blade wheel or similar rotatable part. This inventive 
idea is facilitated by a realization of the fact that in an electric machine the 
electric flux penetrates only to the surface layer of the rotor, the core part of 
the rotor having only a small influence to the operation of the machine. 

More precisely, the actuator according to the present invention, such as the 
liquid ring machine, is mainly characterized by what is disclosed in appended 
claims 1...7 and especially by the characterizing portions of independent 
claims 1 and 2. The method according to the present invention is mainly cha- 
racterized by what is disclosed in appended claims 8... 12 and especially by the 
characterizing portions of claims 8 and 9. 
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According to one preferred embodiment the actuator, such as a liquid ring 
machine, comprises a blade wheel means which is rotated by an external drive 
device and which is supported on bearings relative to the body of the machine. 
In addition, the apparatus comprises a rotatable casing means which is eccen- 
trically disposed relative to the blade wheel means. The rotation of the hollow 
casing means is provided by an arrangement according to which the shell there- 
of acts as a rotor. Stator means surrounding the rotor are attached to the body 
of the machine. In this context a reference is made to DE 36 41 142 C2 patent 
publication, which in figures 1 and 2 thereof discloses one example of a hollow 
rotor. 

It is possible to provide the rotor means with various means effecting the 
operation thereof, such as by short circuit rings of copper or aluminium or by 
so called squirrel cage or coiling. Correspondingly, the stator means may eg. 
comprise so called formed stator teeth without departing from the scope of the 
invention. 

The current supply arrangements, seals and bearings of the different rotating 
shafts can be implemented in a per se known manner, for instance the bea- 
rings can be ball or slide bearings and the seals can be box seals, and they are 
thus not explained on more detail. 

Said rotor provided from the casing can be rotated in a same speed with the 
blade wheel, but the speed may also be different. The rotational speeds of 
these two may also be separately adjusted, whereby the difference in speeds 
therebetween is adjustable. This enables a good adjustability of the machine, 
since the number of different speeds and/or differences in speed variations 
becomes essentially high. 

Remarkable advantages are obtained by the invention. For example, the effi- 
ciency coefficient of a liquid ring machine is remarkably improved due to an 
essentially remarkable decrease in the influences of friction. The rise in the 
temperature caused by the friction work is essentially decreased. In addition, 
the power requirement is decreased, and thus it is possible to use a smaller 
drive device for the rotation of the blade wheel, which has an essential influ- 
ence in view of the purchasing and operation costs of the device. The decrea- 
se in the power requirement is estimated to be about 50 %. The outer diame- 
ters of the liquid ring machine are still moderate, when considering the advan- 
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tage obtained. In addition, the erosion of the inner periphery of the casing and 
splattering decrease essentially, or are even entirely removed. By means of the 
invention it is possible to provide an essentially compact structure, such as an 
actuator containing an electric machine and a gearing device. 

In the following the present invention and the other objects and advantages 
thereof will be described in exemplifying manner with reference to the annexed 
drawings, in which similar reference characters throughout the various figures 
refer to similar features. It should be understood that the following exempli- 
fying description of the invention is not meant to restrict the invention to the 
specific forms presented in this connection but rather the present invention is 
meant to cover all modifications, similarities and alternatives which are inclu- 
ded in the spirit and scope of the present invention, as defined by the appen- 
ded claims. It is also noted that the term liquid ring pump used in the exempli- 
fying embodiment is intented to means all such liquid ring machines operating 
in the above explained basic principle and used for a positive transfer of fluids, 
such as different liquids, gases etc. 

Figures 1a and 1b disclose a prior art liquid ring pump from the side and end 
thereof. 

Figures 2a and 2b disclose one embodiment of the liquid ring machine accor- 
ding to the present invention. 

Figure 3 is a line diagram of the penetration of the electric flux to rotors manu- 
factured from different materials. 

Figures 1a and 1b disclose sectional views from the side and end of a prior art 
liquid ring pump comprising a stationary casing 1 and a blade wheel 2 which is 
eccentrically supported by bearings within the casing. The fluid to be pumped 
enters along an input channel 4 as indicated by an arrow 3 and is removed 
through an output channel 5 as is indicated by an arrow 6. The liquid ring 
which is rotated along the inner periphery of the casing 1 by the blade wheel 2 
is designated by 7. The external drive apparatus (not shown) providing the 
rotation, such as an electric machine, is coupled on the shaft of the blade 
wheel 2 in a per se known manner. 
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Figures 2a and b disclose correspondingly the structure of the liquid ring mac- 
hine according to the invention. A per se known blade wheel means 2 rotated 
by an external drive apparatus is disposed rotatably by means of bearings 18 
on the body 12. A casing part 11 according to the present invention is also 
assembled rotatably on the body 12 by means of bearings 16. The casing part 
11 is surrounded by stator means 14 assembled on the body 12, said stator 
means being of per se known structure consisting stator plates. 

A suction opening or input opening 14 and a removal opening 5 in the pressu- 
rized side are also disclosed. In the example of figure 2 these are provided by 
utilizing the supports 15 of the bearings 16 attached to the body 12. The 
necessary seals, such as 17, may be of per se known type box seals, lip seals 
etc. means proving the sealing. The example discloses also one solution for 
positioning the suction opening 4 and the removal opening 5 of the fluid rela- 
tive to the center axis 21 such that they are disposed about 180° apart from 
each other within the rotor 11. This is, however, not the only possible 
solution. 

According to one solution the diameter of the blade wheel rotor at the ends of 
the blades is about 250 mm, the diameter of the inner periphery 13 of the 
rotor being about 300 mm. The thickness of the rotor shell may be eg. about 
15-40 mm. The outer periphery of the body 12 of the machine is in the 
example about 520 mm. 

The liquid ring forming an essential part of the operation of the machine is 
designated by 7. 

The arrangement is preferably such that the casing part 11 is supported by 
bearings centrally relative to the body 12, the axis line 20 presenting the cen- 
ter line of the rotor means 1 1 . The blade wheel means 2 is supported by bea- 
rings eccentrically relative to the body 12 along another center line 21, whe- 
rein it is thus eccentrically supported by the bearings relative to the casing part 
1 1 as well. However, it is to be noted that other arrangements are also possib- 
le and that what is essential here is that both the casing part 1 1 arranged to 
form a rotor and the blade wheel means 2 are rotatable and disposed eccentri- 
cally relative to each other. 
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The figure discloses also an advantageous additional feature according to 
which the hollow rotor 1 1 in accordance with the invention is provided with a 
short circuit ring 22, which may preferably be eg. of copper, of aluminium or 
similar material having a good electrical conductivity. 

The line diagram of figure 3 illustrates the phenomenon which enables the 
invention, ie. the penetration of an electric flux to rotors manufactured from 
different materials in a nominal point of a motor where I = 90A, U v = 123 V, 
400 Hz. The strength of the flux as the T value is announced by the vertical 
axis and the depth y of the point which is examined is announced by the hori- 
zontal axis in cm value. As can be seen from the figure, the decrease in the 
strength of the penetration of the flux with different materials is essentially 
small from the depth of 2 cm and thereafter. After a depth value of 3 cm it can 
be said that the influence of the flux penetration is of no importance. Thus, the 
flux penetration does not set any specific bars for the utilization of a hollow 
rotor having a wall thickness of about 2 cm. Even thinner of thicker wall thick- 
ness may be used. However, the thinner wall may in some cases, depending 
on the material, have a disadvantageous influence to the properties of the 
motor, such as to the efficiency thereof. 

As can be noted from the diagram, there are no significant differences in the 
penetration of the fluxes of the different materials. However, the VACOVER 
and Fe 520 steel grades can be kept slightly more preferable than the MOC 
315 grade, but even this fulfills those requirements which has been set for the 
material of the rotor means 1 1 of the present invention. 

The operation of the liquid ring machine 10 in accordance with the invention 
comprises rotating of the blade wheel rotor 2 by an external drive device in a 
per se known manner. In addition, the casing part 1 1 which is arranged to 
form a hollow rotor of an electric machine is also rotated. The operation of the 
casing part 1 1 arranged to operate as a rotor means corresponds the operation 
of a per se known hollow rotor of an electric machine, and is thus not explai- 
ned in more detail herein. The rotational speeds of the rotors 2 and 1 1 may be 
equal, but it is also possible to arrange a desired difference in the speeds there- 
between. The rotor means 2 may also be set to a nonrotational stage or to 
rotate freely. In case the casing part 1 1 is not rotated, the machine 10 will 
operate as a prior art liquid ring pump. 
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The fluid to be transferred, such as liquid or gas, enters into the casing part 1 1 
through an input channel 4 and is removed due to a rise in the pressure / trans- 
fer effect caused by the blade wheel 2 through a removal opening 5 in the 
pressurized side in a per se known manner. The essential difference to the 
prior art is that also the inner shell 13 of the casing part 11 is now rotatable, 
whereby the shaping and construction of the channels 4 and 5, for instance in 
view of the sealing, differs from the prior art arrangements. 

Similar principle, according to which the rotatable casing part may form also 
the rotor part of an electric machine, cam also be used in several other applica- 
tions, such as in planetary gears, different feed screws etc., without departing 
from the basic principles of the invention. What is essential is that according to 
the invention the actuator member can be disposed within a hollow space, 
which space can be rotated by stator means provided around the outer surface 
of the casing part of this actuator. As an example only, it can be mentioned 
that the size of the integrated assemblies of an electric machine and a gear 
becomes essentially small while they will have a good adjustability. 

Therefore, by means of the invention an apparatus and a method is provided, 
by which a remarkable improvement has been achieved in the area of the liquid 
ring machines, especially in view the efficiency and adjustability thereof. 

It is to be noted that the above examples of the embodiments of the invention 
do not limit the scope of the invention which is defined by the claims. 
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Claims 

1. An actuator comprising a rotatabie casing part, a rotatable actuator mem- 
ber within the casing part, characterized in that the casing part is 
arranged to form a hollow rotatable rotor means of an electric machine, whe- 
rein the inner surface thereof defines a space for receiving the actuator mem- 
ber, and that stator means are provided around the outer periphery of the 
casing part for providing the rotation of the casing part by means of an electro- 
magnetic field. 

2. A liquid ring machine comprising a rotatable casing part, a blade wheel 
means (2) within the casing part and arranged to be eccentrically rotatable 
relative to the casing part, and channel means (4, 5) for the inputting and 
removal of fluid, characterized 

in that the casing part is arranged to form a hollow rotatable rotor means (11) 
of an electric machine, wherein the inner surface (13) thereof defines a space 
for receiving the liquid ring (7) and the blade rotor means (2), and 

stator means (14) provided around the outer periphery of the casing part (11). 

3. An apparatus according to claim 2, characterized in that said rotor 
means (11) is supported by bearings (16) centrally (20) relative to the body 
(12) of the machine (10) and said blade wheel means (2) is supported by bea- 
rings (18) eccentrically (21) relative to said body (12). 

4. An apparatus according to claim 2 or 3, characterized in that at 
least a part of the channel means (4,5) is provided by means of bearing sup- 
ports (15) of the rotatable casing part (11). 

5. An apparatus according to any of the preceding claims, characteri- 
ze d in that the stator means (14) consist of stator plates which are provided 
with shaped stator teeth. 

6. An apparatus according to any of the preceding claims, characteri- 
ze d in that the rotor means (11) is provided with a short circuit ring (22), 
preferably with a short circuit ring of copper or aluminium. 
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7. An apparatus according to any of the preceding claims, characteri- 
zed in that the rotor means (11) is provided with a squirrel cage means, pre- 
ferably with a copper or aluminum cage. 

8. A method in an actuator, such as in a planetary gear, feed screw etc., said 
method comprising rotating of an actuator member arranged to be rotatable 
within a rotatable casing part of the actuator, characterized in that the 
hollow casing part is rotated by means of an electromagnetic field provided by 
stator means provided around the outer periphery of the casing part. 

9. A method for transferring fluid, said method comprising steps of leading a 
liquid into a casing part of a liquid ring machine, rotating a blade wheel means 
arranged within the casing part and eccentrically relative said casing part for 
transferring the liquid towards a removal opening of the casing part, and rota- 
ting of said casing part, characterized in that the hollow casing part is 
rotated by means of an electromagnetic field between stator means provided 
around the outer periphery of the casing part and the outer periphery of the 
casing part. 

10. A method according to claim 8 or 9, characterized in that the 
actuator member or the rotor means and the hollow casing part are rotated in 
an essentially similar speed of rotation. 

11. A method according to claim 8 or 9, characterized in that the 
actuator member or the rotor means and the hollow casing part are rotated in 
speeds which are different from each other. 

12. A method according to claim 8 or 9, characterized in that at least 
the speed of rotation of the actuator member or the rotor means or the hollow 
casing part is adjusted during the use thereof. 
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INT-CL (IPC) : F04C000/00, F04C007/00 , F04C019/00 

ABSTRACTED-PUB-NO: US 6347926B 

BASIC-ABSTRACT: 

The liquid ring pump (10) is used for the transfer of 
fluid and comprises a casing (11) within which a 
rotatable blade rotor is located. The casing forms a 
hollow rotor containing a blade rotor (2 ) . A s tat or 
(14), which is mounted around the casing (11), 
generates an electromagnetic field and causes the 
casing to form the rotor of an electric machine. 
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Fluid to be transferred enters the casing ( 11 ) 
through an inlet ( 4 ) and is removed, due to a rise in 
the pressure caused by the blade wheel (2), through 
an outlet (5) in the pressurised side. Since the 
actuator member is located within a rotating hollow 
space the assembly is reduced in size and has good 
adjustability . 

ADVANTAGE - Has improved efficiency with reduced 
frictional heating. Size of blade wheel and feed 
screw can be reduced if desired . 

ABSTRACTED-PUB-NO: WO 9805866A 

EQUIVALENT-ABSTRACTS : 

The liquid ring pump (10) is used for the transfer of 
fluid and comprises a casing (11) within which a 
rotatable blade rotor is located. The casing forms a 
hollow rotor containing a blade rotor (2). A stator 
(14), which is mounted around the casing (11), 
generates an electromagnetic field and causes the 
casing to form the rotor of an electric machine . 

Fluid to be transferred enters the casing ( 11 ) 
through an inlet (4) and is removed, due to a rise in 
the pressure caused by the blade wheel (2), through 
an outlet (5) in the pressurised side. Since the 
actuator member is located within a rotating hollow 
space the assembly is reduced in size and has good 
adjustability . 

ADVANTAGE - Has improved efficiency with reduced 
frictional heating. Size of blade wheel and feed 
screw can be reduced if desired. 
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